In the basaltic rocks from Hole 395A, secondary minerals have developed in primary phenocrysts, in the groundmass, in the vesicles, and in the veinlets. Phenocrysts are weakly altered: Plagioclase and clinopyroxene are quite fresh; olivine is partially pseudomorphosed to iddingsite and Mg-carbonate in basalts, and to a celadonite-clay association in dolerites. Glasses are generally devitrified in the groundmass of the basalts; intermediate stages of the palagonitization process have been preserved in some samples. The glassy fragments in hyaloclastic breccias have concentric alteration rims surrounding colorless isotropic fresh glass preserved in the central part of the fragments. The cement of the breccias is mainly zeolitic (90%) and calcitic (10%). Phillipsite, gismondine, and faujasite constitute the zeolitic association: the high water content of these zeolites indicates a low temperature of formation, surely less than 100°C, possibly around 10°C. Vesicles and veinlets are mainly filled with phillipsite, calcite, and tri-octahedral smectites (saponite). Detailed study of the coating of an open fracture in a dolerite shows the successive development of (1) green smectite concretions, (2) white opaque stilbite concretions, and (3) scarce translucent phillipsite crystals.
INTRODUCTION
This paper gathers the preliminary results of studies carried out in France on the detailed mineralogy and geochemistry of alteration products in Leg 45 basement samples:
Mineralogy of basaltic phenocrysts and alteration products of vesicles, veinlets, and glasses from Hole 395A were studied by T. Juteau, Y. Noack, and H. Whitechurch.
Detailed mineralogy of an open fracture in a dolerite from Hole 395A was investigated by M. Hoffert and D. Wirrmann.
Serpentines and associated secondary minerals in ultramafic samples from Holes 395 and 395A were examined by F. Bingöl.
REE distribution in fresh and altered basalts was studies by C. Courtois. This paper is preliminary: the complete results and discussions concerning these studies will be published later.
SECONDARY MINERALS IN LEG 45
BASALTS Thirty-one samples from Hole 3 95A have been examined: Table 1 gives the sample numbers and depths, thin sections made, and X-ray (Debye-Scherrer) data.
Secondary minerals have developed (1) in primary phenocrysts, (2) in the groundmass, mainly in the glassy zones, (3) in the vesicles, and (4) in the veinlets.
Phenocrysts
Plagioclase. Plagioclase phenocrysts are remarkably fresh. In the only transformations observed, plagioclases of aphyric basalt samples in the immediate vicinity of veinlets filled with smectites and phillipsite have 44-48+ 60-3, 70-80°6 2-1,40-42+ 63-2, 112-116+ 63-4, 80-88+ 63-4, 140+ " 64-3, 54-58 + 644,50° , 65-2, 70-90+ 66-1, 110+ 66-1,143 66-3, 130-140+ been partially or completely replaced by zeolites and calcite. Olivine. Olivine phenocrysts are rarely fresh. As usual, they are the most sensitive minerals to alteration: in phyric and aphyric basalts, olivine is partially or completely replaced by iddingsite (mixture of goethite and montmorillonite-type clay). An Mg-carbonate (magnesite) sometimes accompanies iddingsite around cores of altered olivines. In the doleritic basalts of the section, the intersertal olivine is transformed to a celadonite-clay association. In all cases, the initial shape of the mineral, skeletal, or idiomorphic, is preserved through pseudomorphosis.
In the hyaloclastic breccia of the section, olivine is always fresh.
Pyroxene. The augitic clinopyroxene remains unaltered. Only small quantities of tiny chlorite lamellae (< 20 µm) have crystallized around the pyroxenes of the phyric and doleritic basalts.
Conclusion. Primary phenocrysts are weakly altered in Hole 3 95A. Olivine, the most sensitive mineral, is pseudomorphosed to iddingsite in the basalts, and to a celadonite-clay association in the dolerites. Plagioclase is replaced by calcite and zeolites in the vicinity of smectite-phillipsite veinlets of phyric basalts. Clinopyroxene is fresh. No evolution of alteration with depth has been detected.
Glasses
Fresh or altered glasses have been found (1) in the groundmass of phyric and aphyric basalts and (2) as fragments in the hyaloclastic breccias.
Groundmass of phyric and aphyric basalts. Primary glasses are scarce. The groundmass is generally devitrified, with delicate submicroscopic pyroxene and Fe-oxides which exhibit "comb" and "feather" shapes. An interstitial palagonitized glass is well developed in Sample 395A-16-1, 142-148 cm. In this orange isotropic glass, round domains about 500 µm in size are surrounded by fibrous zeolitic rims; inside these domains, the glass is brown and slightly anisotropic. Radiating zeolite clusters occur between these domains. When the different brown zones join together, the glass is completely palagonitized. The evolution of this alteration is similar to that observed in the hyaloclastites.
Hyaloclastic breccias. This facies is the most interesting for observing all stages of alteration of basaltic glasses. These breccias are made up mainly of glassy fragments with concentric zones of alteration, cemented by zeolites.
The center of the glassy fragments is often fresh colorless or pale yellowish isotropic glass containing some skeletal or sub-automorphic unaltered olivine microphenocrysts (maximum dimension: 1 mm). In some fragments, this glass shows evidence of the beginning of alteration: small brownish striated and lobated areas appear here and there in the glass (Plate 1, Figures 1  and 2 ), often situated around the olivine microphenocrysts. These areas are slightly anisotropic (Plate 1, Figures 3 and 4) . In a next stage, these brownish areas are surrounded by a thin fibrous birefringent rim composed of smectites and zeolites (Plate 2, Figures 1 and  2) . Two kinds of concentric alterations have been observed developing around the fresh isotropic central glass:
The first type comprises three "aureoles" (Plate 2, Figures 3 and 4; Plate 3, Figures 1 to 3): (1) an orange isotropic rim, in contact with the fresh glass; (2) an orange-brown anisotropic zone, usually well developed, composed mainly of clay minerals and hydrated altered brownish glass; (3) a fibrous yellow zeolitic and/or chloritic outer rim.
This type of alteration is very similar to the "palagonite neotype" defined and described by Stokes (1971) , and to the palagonitized "granules" in the tuffs of Palagonia (Sicily), carefully described by Honnorez(1972) .
The second type comprises three tin "aureoles" (Plate 4, Figures 1 to 3): (1) a thin green isotropic rim, in contact with the fresh colorless glass; (2) a thin slightly brownish anisotropic rim; (3) a fibrous zeolitic and/or chloritic outer rim.
This type differs from the former one by the absence of a brownish zone of altered glass between the fresh colorless glass and the fibrous rim; perhaps it is an early stage of the first type.
The cement of the breccias is mainly zeolitic (90%) and calcitic (10%); phillipsite occurs as fan-shaped crystals developing on the margin of the glassy fragments (Plate 3, Figure 3 ). Fine-grained gismondine and faujasite (determined by X-ray diffractometry) are posterior to phillipsite and cement it. The high water content of these zeolites indicates a low temperature of formation, surely less than 100°C (Coombs et al., 1959; Senderov, 1965) , and perhaps very close to the normal seawater temperatures proposed by Moore (1966) for contemporaneous palagonitization of Hawaiian glasses.
The first chemical data obtained by electron microprobe analysis are not yet satisfactory enough to be published here; they indicate, though, a tholeitic composition for the fresh glass. By comparison, the palagonitized zones show a strong depletion in CaO and higher contents of H 2 O, and K 2 O; SiO 2 is slightly depleted; A1 2 O 3 , total Fe, and TiO 2 remain more or less unchanged.
Vesicles
The following filling associations have been found in the vesicles (see Table 1 ): (1) No evolution with depth was found.
Veinlets
The following filling associations have been found in the veinlets (see Table 1 ): (1) carbonates, (2) phillipsite, (3) phillipsite + iron-rich smectite (nontronite), (4) phillipsite + smectites + carbonates, (5) smectites.
As in the vesicles, phillipsite is the only zeolite found until now in the veinlets ( Table 2 ). The carbonate phase is represented by calcite (Table 3) . Smectites are (Table 4 ). The dioctahedral type of montmorillonite has been found in one veinlet, where it occurred alone (Table 5) .
Coating of an Open Fracture
The coating of an open fracture in a doleritic basalt (Sample 395A-63-4, 80-88 cm) has been investigated in detail. The fracture is coated by several types of secondary minerals.
Plate 6 (Figures 1 and 2) shows the existence of three kinds of minerals with different colors: 1) a thin pale green coating less than 0.1 mm thick, with mamelon shapes, covering the whole surface of the fracture;
2) white opaque minerals forming radiating spherules, rather abundant and irregulary disposed over the surface;
3) scarce white and translucent slab minerals. Each type of concretion has been observed under the scanning electron microscope (CAMECA-07). Indications on the chemistry of these minerals were obtained by energy-dispersive spectrometry (TRACOR System). X-ray Debye-Scherrer exposures were also made.
Plate 7 shows the morphological aspect of the green concretions. They consist of the juxtaposed and anastomosing small spherules or glomerules, the diameters of which are about 0.1 mm. Their surface is made of "folded sheets." In section, these spherules present a more massive radiating structure. That type of morphology is very similar to that described by Person (1976) as minerals of the smectite group. Chemical components of these glomerules are mainly Fe, Ca, Si, Al, and Mn. Debye-Scherrer exposures confirm that these minerals are smectites.
Plate 8 shows the morphological aspect of the white opaque concretions. These are "fusiform" balls, with an average diameter of 1 mm. They are composed of slabs or scales with a "roofing tile" disposition. Careful examination of these slabs shows the existence of reentrant angles in the middle part of the structures, indicating that each scale is probably made of two twinned minerals. These structures are analogous to those described by Mumpton and Ormsby (1976) . Chemical components of these scales are mainly Ca, Si, and Al. They grow over the green material, and their genesis is therefore posterior. Debye-Scherrer exposures indicate that these concretions are stilbite.
Plate 9 shows the morphological aspect of the scarce translucent mineral. During observation with the SEM, this mineral became opaque and split into several fragments. Each fragment is made by the piling up of very thin parallel lamellae. Chemical components of this mineral are K, Si, Al, Na, and some Ca. Debye-Scherrer exposures indicate phillipsite.
In conclusion, the open fracture of the sample studied has been coated by three minerals that developed in the following order: (1) smectites, (2) stilbite, (3) phillipsite.
This order of appearance of the secondary minerals is identical to that described by Honnorez (1972) for the submarine alteration of basaltic glasses at Palagonia (Sicily).
SECONDARY MINERALS IN LEG 45
HARZBURGITES Seven samples of more or less serpentinized harzburgites gave been examined. The degree of serpentinization ranges from 50 to 100 per cent. Table 6 gives the secondary paragenesis and degree of serpentinization for each sample. All samples contain both lizardite and chrysotile (Figure 1 ) with the classical mesh structure around olivine relicts (Plate 10, Figures 1 and 2 ). Enstatite is pseudomorphosed by bastite, a fibrous variety of lizardite (Plate 10, Figure 3 ). Veinlets are filled by chrysotile, talc (Plate 10, Figure 4 ), Mg-rich chlorite (Plate 10, Figure 5 ), and carbonates (both dolomite and aragonite (Plate 10, Figure 6 ) have been found). Serpentines are accompanied by a "dust" of tiny magnetite and/or goethite grains.
Plates 11 and 12 show the morphological aspect, with associated microdiffractograms, of the secondary minerals listed above.
REE DISTRIBUTION IN FRESH AND ALTERED BASALTS
It has been shown that during continental alteration, the rare-earth elements exhibit very homogeneous behaviour (Ronov et al., 1967) . Recent studies have shown that the diverse layers in alteration profiles exhibit a rare-earth distribution generally identical to that of the underlying mother-rock (Steinberg and Courtois, 1976) .
The aim of the present study is to determine whether this remarkable inertness of the REE family can also be found during submarine alteration of basalts, or whether a fractionation occurs during halmyrolysis in oceanic environment.
As a first step, we tried to select some of the more representative samples of fresh and altered basalts, and selected the following samples for REE analysis:
Hole 395:
15-1, 112-119 cm #8C: fresh basalt 15-1, 37-40 cm #5: altered basalt
Figure 1. Diffraction tracings of serpentines: (A) chrysotile + lizardite (Sample 395A-4-2, 45-50 cm 2); (B) chrysotile + lizardite (Sample 395-18-1, 101-106 cm 2g); (C) chrysotile + enstatite (Sample 395-18-1, 142-145 cm 2i).
Hole 395A: 3-1, 140-142 cm #6 fresh basalt 3-1, 100-102 cm #4 altered basalt 33-2, 112-118 cm #14 fresh basalt and its alteration rim.
Hole 396:
15-1, 80-88 cm #7A fresh basalt, alteration rim and a third outer zone, honey-colored, probably palagonitized glass.
REE have been analyzed by neutron activation, using the method of chemical separation described by Treuil et al. (1973) . The results given in Table 7 show classical ratios of REE (30 to 60 ppm) for oceanic basalts. The absolute ratios for altered basalts are identical to those for fresh material: it seems there is no dilution or concentration during halmyrolysis.
The REE distribution curves are built following the classical normalization diagrams of Coryell et al. (1963) . The REE ratios are normalized to chondrites for fresh basalt samples (Figure 2 ) and for altered basalts that are not directly in contact with fresh material (Figure 3) .
For the two samples where a separation has been made, the normalization has been made relative to the corresponding fresh basalt (Figure 4 ). The REE distribution in fresh basalts shows a fractionation with impoverishment in light REE especially for La and Ce. That kind of profile is characteristic of oceanic tholeiites (Frey and Haskin, 1964) .
In altered basalts, the distribution curves normalized to chondrites are identical to the curves for fresh basalts, except for Sample 395A-3-1 #4, which is not impoverished in light REE. In the two samples where both fresh and altered zones of the same piece were analyzed, the curves normalized to the fresh basalts have a completely flat profile. These curves, with ordinate 1, show that no fractionation occurred. It seems, therefore, that REE have a homogeneous geochemical behavior during submarine alteration.
The superficial altered glass of Sample 396-15-1, #7A is a peculiar case. Relative to the underlying fresh basalt, its REE distribution curve presents a clear fractionation, with impoverishment in heavy REE. This fractionation probably reflects differences in mobility of REE, and is related to the progressive decrease, with increasing atomic weight, of the stability constants of these elements in solution. This observation, however, must still be considered in the context of mineralogical and geochemical analysis of this sample for a more precise interpretation. The present results must be considered with caution for the following reasons:
First, the small number of samples analyzed prevents any generalization of the conclusions of this study.
Second, the separation of pure phases is probably incomplete and a "contamination," even weak, of altered material by fresh material introduces an error that can be significant for trace elements.
Last, the alteration of the basalts is very superficial, so that the ratio between mobilized elements and residual material is too weak for the geochemical evolution of the REE distribution to be detected.
It is necessary to analyze samples where alteration is more intense, and particulary to follow the REE evolution during palagonitization of basaltic glasses. 
